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[57] ABSTRACT 
An optically guided, unmanned, load transporting vehi 
cle, such as a fork-lift truck, includes an electric camera, 
such as an industrial television camera, and a controller 
for controlling the automatic running apparatus of the 
vehicle. Two re?ectors are disposed in front of the 
camera so that the camera receives light from remote 
and near visual ?elds. A guide belt laid on floor for 
guiding the vehicle is formed with various bar codes 
representing halt, acceleration, deceleration, etc. 

5 Claims, 40 Drawing Figures 
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VISUALLY GUIDED VEHICLE 

BACKGROUND OF THE INVENTION 
The present invention relates to an optically guided, 

unmanned or driverless load transporting vehicle. More 
particularly, the invention relates to such a load trans 
porting vehicle which employs a camera tube such as an 
industrial television camera, can be automatically con 
trolled, that is, automatically steered, run and stopped, 
and which can be readily introduced into even an exist 
ing factory, or the like, and which has a novel means for 
detecting a guide belt. 

conventionally, in order to run an unmanned lifting 
truck such as a fork-lift truck having prongs which can 
be raised or lowered, often a guide line, which radiates 
a guiding signal, has been buried in the ?oor of the 
facility where it is to be used. A pair of pickup coils is 
then installed on the body of the truck such that the 
guide line is interposed between the pickup coils. A 
voltage difference induced between the coils is detected 
to control the truck. Usually, such a guide line is either 
received in a groove formed in the ?oor or buried in the 
floor. Installation in the former arrangement is dif?cult, 
while the latter requires a large number of steps, includ 
ing forming a groove in the ?oor of an already-con 
structed building. Further, in the case of a relatively 
thin concrete ?oor as may be encountered above the 
ground level, it is difficult to form such a groove. An 
other problem is that steel bars embedded in the con 
crete work may emit a secondary electromagnetic radi 
ation which disturbs the control signal. Also, if the line 
is broken, the whole running course may be made use 
less. Further, in a nuclear power plant, due to the possi 
bility of radioactive waste accumulating in a groove, a 
grooved track may not be possible. > 

Further, radio control of vehicles is known, but such 
systems are readily affected by noise. 

It is also known to embed a magnet or similar means 
in the ?oor at junctions or the like. This technique is, 
however, accompanied by dif?culties similar to those 
encountered in case of the induction lines buried in a 
recess in the ?oor. 

Optical guide systems are also known in which geo 
metrical patterns, such as triangles and circles, are pro 
vided on the floor to control umnanned trucks. Unfor 
tunately, it takes a computer a long time to recognize 
the patterns. Further, the number of such patterns is 
limited, thus providing only a limited quantity of infor 
mation which may be used for control, resulting in poor 
responsiveness in the system. 

In view of the foregoing difficulties, it is a main ob 
ject of the present invention to provide an unmanned 
load transporting vehicle which dispenses with the 
formation of grooves or recesses in floor. 

It is another object of the invention to provide an 
unmanned load transporting vehicle which can be run 
with higher certainty and accuracy than is possible with 
conventional approaches. 

SUMMARY OF THE INVENTION 

In accordance with the invention, there is provided a 
guide belt for an unmanned load transporting vehicle 
that includes various bar codes. Each bar code has an 
assigned meaning, included among which are halt, de 
celeration, acceleration, turning, etc. 
The bars of the bar codes may be formed with re?ect 

ing material. A camera tube receives light re?ected 
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2 
from the guide belt, and a controller controls an auto 
matic running apparatus in response thereto. In accor 
dance with one aspect of the invention, the aforemen 
tioned camera tube is so constructed as to receive light 
re?ected from respective remote and near visual ?elds, 
thereby attaining certain and accurate automatic con 
trol. 
These and other objects and features of the invention 

will appear in the course of the description thereof 
which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of an unmanned vehicle em 
bodying the present invention; 
FIG. 2 is a front elevation of the vehicle of FIG. 1; 
FIG. 3 is a schematic front elevation of a camera 

shown in FIG. 1 showing the manner in which the 
camera is installed; 
FIG. 4 is a block diagram of the controller in the 

vehicle of FIG. 1; 
FIGS. 5(a)-5(c) schematically depict guide belts; 
FIG. 6 shows portions of a course for the vehicle; 
FIGS. 7(a)—7(c) show images obtained by the camera 

of the vehicle shown in FIG. 1; 
FIG. 8 is a plan view of another unmanned load trans 

porting vehicle according to the invention; 
FIG. 9 is a front elevation of the vehicle of FIG. 8; 
FIG. 10 illustrates examples of bar codes; 
FIG. 11 is a fragmentary view of the vehicle of FIG. 

8 showing the manner in which the camera is installed; 
FIG. 12 is a view showing a portion of the course for 

the vehicle of FIG. 8; 
FIGS. 13(a)—13(c) show images obtained from the 

camera of the vehicle of FIG. 8; 
FIGS. 14(a)—14(t) illustrate other examples of bar 

codes; and 
FIG. 15 shows a vehicle course formed with bar 

codes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring first to FIGS. 1-4, there is shown a lifting 
truck 1 which takes the form of a so-called reach-type 
forklift truck. The truck 1 includes a pickup tube or 
electronic camera 3 capable of receiving light re?ected 
from a guide belt 2 composed of re?ectors laid on a 
?oor F, and a controller 5 for controlling an automatic 
steeering apparatus- 4. First and second re?ectors M1 
and M2, respectively, are installed in front of the cam 
era 3 for obtaining near visual ?eld'information. In this 
example of the present invention, the truck further in 
cludes a detector 7, for detecting the distance moved, 
and a velocity detector 6. 
The guide belt 2 is composed of a re?ecting material, 

such as a re?ecting sheet into which beads or the like 
are mixed, re?ecting or luminous paint, a metal belt, or 
any suitable material capable of re?ecting natural light, 
light emitted by the room light, or light from a projec 
tor which is mounted on the truck 1. The belt has a , 
width on the order of 3 to 6 cm, and is laid along the 
course for the truck 1 and is attached to the ?oor by an 
adhesive or the like. The guide belt 2 has straight por 
tions and curved portions, each of the curved portions 
being formed into a belt. Each of the straight portions 
has long pieces 20 which have a length of about 20 to 50 
cm which are spaced apart by spaces 2b having a length 
substantially equal to or less than that of the long pieces. 



4,566,032 
3 

Alternatively, the spaces may be omitted to make the 
belt 2 continuous. Further, it is possible to form dark 
portions, for example, on both sides of the belt 2 to 
increase the contrast ratio. In addition, a protruding 
portion 2d may be formed in each long piece 20 . 
As shown in FIG. 5(a), the belt 2 has an intersection 

from which a lane curvilinearly branches off so as to 
form an r-shaped guide belt portion a. The belt has 
another intersection from which a lane branches off 
while forming a right-angled guide belt portion b as 
shown in FIG. 5(b). Further, as shown in FIG. 5(a), the 
belt includes an intersection from which opposite guide 
belt portions 0 extend such that a crossing is formed. In 
this way, the guide belt 2 can have various lanes, includ 
ing a plurality of forks and intersections. 
The aformentioned camera 3 is mounted on a pedestal 

10 located on the head guide 9 in the driver’s cab and 
receives re?ected light which passes between polls 11. 
The camera tube 3 takes the form of an ITV (Industrial 
Television) camera 30 in the following description, 
although a vidicon, a Plumbicon, or the like may 
equally be used as the camera. 

In the relative positions shown in FIG. 3, the ?rst 
re?ector M1 is disposed at an angle of 91 outwardly 
from the central optical axis in front of the pickup tube 
3, lying outside, for example above, the beam ?ux of the 
reflected light received by the tube 3. The second re 
?ector M2 is disposed within the lower half of the beam 
?ux of the central optical axis, and is arranged at an 
angle of 62 inwardly of the central optical axis. The 
angle 62 is an acute angle smaller than the angle 01 
(01>62). Thus, light re?ected from the ?rst re?ector 
M1 can be transmitted to the camera 3 via the second 
reflector M2. As a result, the camera 3 receives remote 
visual ?eld information, in the direction of the central 
optical axis, by a beam ?ux above the central optical 
axis. On the other hand, near visual ?eld information is 
transmitted to the camera 3 from the ?rst re?ector M1 
via the second re?ector M2 by means of the lower half 
of the beam ?ux. 
The above-mentioned controller 5 processes the elec 

tric signal supplied by the ITV camera 3a, and, in re 
sponse thereto, produces a control signal which is ap 
plied to the automatic steering and control apparatus 4. 
In this speci?c example, the controller 5 functions to 
control the deviation cl from the guide belt 2 to the 
center of the truck and the deviation angle (1). More 
speci?cally, a representation of the pattern of the guide 
belt portions a, b and 0 (see FIGS. 5(a)-(c)) is stored in 
advance in the controllers. The controller 5 compares 
the signal produced by the camera 3a with the stored 
patterns, distinguishing between the various patterns as 
they are detected, and accordingly controls the truck 1 
smoothly and correctly to direct it toward a desired 
branch. 

Referring speci?cally to FIG. 4, the controller 5 
includes a preampli?er circuit 15 for amplifying the 
signal obtained by conversion of the visual image from 
the camera 3a, a preprocessing circuit 19, a temporary 
storage circuit 20 implemented with a shift register, and 
a central control circuit 21. A ?rst reference circuit 16, 
which sets the minimum value of the difference be 
tween the brightness on the ?oor F and the brightness 
on the guide belt 2, that is, the difference between corre 
sponding electric signal levels for reference purposes, is 
connected to the preprocessing circuit 19. Also con 
nected to the circuit 19 is a second reference circuit 17 
for ?ltering out undesired light rays and setting the 
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4 
maximum value of the difference between those volt~ 
ages. 
The preprocessing circuit 19 binary codes the input 

signal thereto in accordance with the voltages set by the 
reference circuits 16 and 17. The output signal from the 
central control circuit 21 is fed to the automatic steering 
and control apparatus 4 via an I/O port 22a and a fre~ 
quency converter circuit 22b. A cathode-ray tube 23b is 
connected to the output of an ampli?er circuit 230, the 
input of which is supplied by the preampli?er circuit 15 
to thus allow an operator to monitor the picture images 
received by the camera 3a. Transmission lines 25 and 26 
are connected to the central control circuit 21 through 
which are supplied to the circuit 21 various information, 
including the inclination angle of the camera 3a and 
hence the distance 11 between the center of rotation O 
of the truck 1 and the center of the remote visual ?eld 
A and the distance 12 between the center 0 and the 
center of the near visual ?eld B, plus velocity informa 
tion derived from the velocity detector 6, and distance 
information obtained from the distance detector 7. 
The central control circuit 21 is also supplied with 

coef?cients concerning the steering angle and the radius 
of curvature of the turning circle to be executed by the 
truck, the ratio of the braking distance to the braking 
force, and other such parameters. The distance traveled 
is computed by counting the number of long pieces 2a 
that the vehicle has passed, or, alternately, by integrat 
ing the output of a speedometer which measures the 
speed of the vehicle. In the former case, use of the 
aforementioned protruding portions 2d will enhance the 
accuracy. A program input device 30, in the form of a 
pendant device, magnetic card, plug, keyboard, or the 
like, is connected to the central control circuit 21 to 
select a desired lane on which the individual truck 1 is 
to be run. The central control circuit 21 further includes 
a ?rst processing circuit 21a, operating in response to 
the signal from the temporary storage circuit 20, for 
calculating the above-mentioned deviations d and devi 
ation angle :1) to control the truck, and a second process 
ing circuit 21b which compares the pattern signals pre 
viously stored in the pattern storage circuit 31 with the 
signal from the ITV camera 3a, distinguishes between 
these signals, and delivers an output to steer the truck 
correctly and optimally at a predetermined fork in ac 
cordance with the rotation signal from the program 
input device 30. Reference numeral 50 denotes a clock 
pulse generator for generating a clock signal for syn 
chronizing the camera 3a and the storage circuit 20. 

Referring next to FIG. 6, a situation is now described 
in which the truck 1, constructed as described thus far, 
travels on the lane including the guide belt a and the 
curved portion 20 extending forwardly from the belt a. 
When the truck 1 is in the position 10, re?ected light 
from the remote visual ?eld A and the near visual ?eld 
B causes the CRT 23b to display visual images Aa and 
Ba as shown in FIG. 7(a), in such a manner that the 
image Aa is displayed on the upper half of the screen U 
of the CRT while the image Ba is displayed on the 
lower half D of the screen. The signals corresponding 
to the images Aa and Bb are processed by the ?rst 
processing circuit 210 so that central line positions lal 
and 1a2 of the guide belt 2 are detected. Therefore, a 
point X3, at which the straight line k passing through 
points X1 and X2 meets the horizontal line hs passing 
through the center of rotation O of the truck 1, can 
readily be found. At the points X1 and X2, the central 
lines lal and 1a2 meet the scanning lines ha and hb, 
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respectively, corresponding to the aforementioned dis 
tances I1 and 12, respectively, on the screen halves U 
and D. As a result, line segment OX3 can be found as 
the distance d from the center of rotation O to the guide 
belt 2, and the inclination of the straight line k can be 
found as the deviation angle (1). Then, the velocity, the 
travelling distance, the ratio of the steering angle to the 
radius of curvature, and other necessary parameters are 
calculated, and the corresponding output is applied to 
the automatic steering and control apparatus 4 to cor 
rectly guide the truck 1 on the belt 2. 

In case where the near visual ?eld B receives light 
from a point very close to the center of rotation, the 
distance travelled by the truck 1 can be approximated 
by the eccentric position of the intersection X2. Also, it 
is possible to increase the measurement accuracy by 
scanning at a plurality of positions for each of the visual 
?elds A and B, ?nding the central positions, and deter 
mining the deviation d from the guide belt 2 and the 
deviation angle qb for each of the visual ?elds. 
When the truck 1 has arrived at the position 1b, im 

ages Ab and Bb shown in FIG. 7(b) are displayed on the 
upper and lower halves, respectively, of the screen. In 
the image Ab, corresponding to the remote visual ?eld 
A, a pattern corresponding to the guide belt 2a appears. 
For simplicity, the belt 2 is treated as continuous herein. 
Thus, the second detecting circuit 21b compares this 
pattern with the patterns stored in the pattern storage 
circuit 31, and distinguishes these patterns to correctly 
recognize that it is the guide belt a branching off like a 
letter “I” at that point. The detecting circuit 21b further 
compares the information from the camera tube with 
the information from the program input device 30 and 
determines whether the truck should move straight or 
turn. Then, the circuit 21b stores therein the output to 
be fed to the automatic running apparatus 4. When an 
image Be corresponding to the guide belt a appears in 
the near visual ?eld B while the truck 1 is still advanc 
ing, the second processing circuit 21b compares this 
information with the stored information, arithmetically 
processes the information, con?rms the signal previ 
ously obtained from the remote visual ?eld A and previ 
ously stored, and then delivers a predetermined output 
to the automatic steering and control apparatus 4. More 
speci?cally, the processing circuit 21b provides a signal 
to move the truck along a given course correctly and 
smoothly at the time the center of rotation 0 reaches a 
fork. 

Next, an image Ac concerning the curve 20 appears 
on the screen U displaying the remote visual ?eld A. If 
the curvature of the curve is relatively large, it is possi 
ble to run the truck along the belt 2 by detecting the 
deviations d from the belt 2 to the truck 1 and the devia 
tion angle as shown in FIG. 7(a). On the other hand, if 
the curvature is small or a branch occurs at a right 
angle, accurate automatic steering can be attained by 
comparing the displayed pattern with the patterns al 
ready stored in the pattern storage circuit 31, in the 
same way as for the guide belt portions a-c, and arith 
metically processing the pattern. In case where the 
truck 1 according to the present invention is rotated 
about the guide belt portion b or c where lanes intersect 
at right angles, an output signal is simultaneously pro 
vided to the automatic steering and control apparatus 4 
to reduce the speed of the truck nearly to zero in the 
vicinity of the fork. 
As described above, in the truck according to the 

invention, ?rst and second re?ectors are arranged at 
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6 
given angles to the central optical axis in front of the 
camera tube which receives light re?ected from the 
guide belt composed of re?ecting material and laid on 
the ?oor. Therefore, the guide belt can be installed with 
greater case than in the case of a conventional control 
apparatus having pickup coils which detect currents 
induced between wires embedded in a groove in ?oor. 
Further, the guide belt according to the invention can 
easily be installed in an existing factory. In addition, 
there is no possibility of electromagnetic interference, 
whereby accurate unmanned operation can be 
achieved. Furthermore, since information is derived 
from two visual ?elds, the distances and the deviation 
angle can be accurately detected, and where the guide 
belt is formed in discrete segments, the two visual ?elds 
can furnish re?ected light complementarily. Accord 
ingly, it is possible to reduce the whole length of the 
guide belt and facilitate the installation of the belt. 
A further advantage is that it can recognize the near 

visual ?eld information derived from the vicinity of the 
truck substantially independently of the size of load on 
the prongs and stabilize automatic control because the 
two re?ectors are disposed at given angles to the central 
optical axis in front of the camera tube. The inclination 
angles of the re?ector can be made large compared with 
the case of using only one re?ector. Thereby, the effect 
of error in the angles of mounting the reflectors can be 
decreased. The result is that near visual ?eld informa 
tion can be obtained stably. If the camera tube is in 
stalled at a higher position, the angle of inclination of 
the camera tube relative to the center of rotation is 
large, so that the effect of error in mounting the re?ec 
tors is reduced. Further, the camera tube has less 
chance of being fouled by dust or the like than in the 
case where it is installed near the floor. If an ITV cam 
era is used, a wide-range or remote visual ?eld can 
readily be recognized. 

Referring next to FIGS. 8, 9 and 10, there is shown 
another embodiment of the present invention, in which 
.a guide belt 2 for unmanned load transporting vehicle 8 
is made in the form of bar codes. 
The body of the vehicle 8 is equipped with a camera 

tube 3 capable of receiving light re?ected from the 
guide belt 2 laid on the ?oor, and controller 5 for con 
trolling an automatic steering and control apparatus 4. 
In this illustrative embodiment, the body of the vehicle 
further includes a detector 7 for detecting the distance 
traveled, and a velocity detector 6. The vehicle 8 has a 
pair of wheels w coupled to its driving source, and is a 
type of vehicle which is steered by making different the 
rate of rotation of wheels on opposite sides of the vehi 
cle. The guide belt 2 forms various bar codes, each of 
which is composed of six bars s, for example. Each bar 
s is composed of a re?ecting material capable of re?ect 
ing natural light, arti?cial light used to illuminate the 
surrounding area, or light from a projector installed on 
the vehicle 8 as needed. The bars s have a width of 
about 12 mm, are appropriately spaced apart, and are 
attached to the ?oor. . 

Several examples of bar codes are shown in FIG. 10, 
in which six consecutive bars s, pattern (a), represents a 
straight advance. Pattern (b) having neither a second 
nor ?fth bar represents deceleration. Pattern (c) in 
which the ?fth bar is omitted represents a turn to the 
right. Pattern (d) in which the second bar is omitted 
represents a turn to the left. In this way, any desired 
course pattern for the unmanned vehicle 8 can be ob 
tained by variously combining bar patterns. Although 
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each combination of bars s represents a single piece of 
information in the foregoing, it is also possible to give a 
speci?c meaning to each position of the bars s. Further, 
the quantity of command information may be increased 
by varying the width of the bars s or by increasing the 
number of bars per pattern. 
Two camera tubes 3 are installed on the upper ends of 

the front and back sides of the body of the vehicle to 
cover forward and rearward movements. As shown in 
FIG. 11, a reflector M including a ?rst mirror M1 and 
a second mirror M2, is disposed in front of each tube 3. 
The ?rst mirror M1 is disposed outside of the beam ?ux 
of the re?ected light that the tube 3 receives. The sec 
ond mirror M2 is disposed across the lower half of the 
beam flux below the central optical axis and directs the 
light re?ected from the ?rst mirror M1 toward the tube 
3. Thus, the reflector‘ can receive light from both the 
remote visual ?eld A and from the near visual ?eld B. 
The aforementioned controller 5 processes the signal 

supplied from either camera 3 (which, as before, may be 
an ITV camera), and in response produces a control 
signal, which is applied to the automatic steering and 
control apparatus 4. In this speci?c example, the con 
troller 5 functions to control the distance d from the 
guide belt 2 to the center of rotation of the vehicle and 
the deviation angle cl). Further, the controller 5, in 
which are stored in advance the patterns, compares the 
patterns detected by the ITV camera 3a with the stored 
patterns, and distinguishes these patterns to steer the 
vehicle 8 smoothly and correctly and direct it toward a 
desired branch. 
As schematically shown in FIG. 4, the above-men 

tioned controller 5 includes a preampli?er circuit 15 for 
amplifying the electric signal obtained upon conversion 
of the visual image from the camera 3a, a preprocessing 
circuit 19, a temporary storage circuit 20 such as a shift 
register, and a central control circuit 21. A ?rst refer 
ence circuit 16 sets the minimum value of the difference 
between the brightness on the floor F and the brightness 
on the guide belt 2, that is, the difference between corre 
sponding electric signals. The reference circuit 16 is 
connected to the preprocessing circuit 19, which may 
be implemented with known digital circuits. Also con 
nected to the circuit 19 is a second reference circuit 17 
for ?ltering out undesired light rays and for setting the 
maximum value of the difference between the two sig 
nals. The preprocessing circuit 19 binary codes the 
input signal applied thereto in accordance with the 
minimum and maximum voltages set by the reference 
circuits 16 and 17. The output signal from the central 
control circuit 21 is applied to the automatic steering 
and control apparatus 4 via an I/O port 22a and a fre 

A quency converter circuit 22b to control the apparatus 4. 
A cathode-ray tube display 23b is driven by an ampli 

?er circuit 23a, which is, in turn, driven by the pream 
pli?er circuit 15. This is done to allow an operator to 
monitor the received picture images. Transmission lines 
25 and 26 are connected to the central control circuit 21 
to supply to the circuit 21 various information, includ 
ing the inclination angle of the camera 3a and hence the 
distance 11 between the center of rotation O of the vehi 
cle 8 and the center of the remote visual ?eld A and the 
distance 12 between the center of rotation O and the 
center of the near visual ?eld B. The information may 
also include velocity information derived from the ve 
locity detector 7 and distance information obtained 
from the distance detector 6. A program input device 
30, which may be a pendant drop, magnetic card, plug, 
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keyboard, or the like, is also connected to the central 
control circuit 21 and is used for selecting a desired lane 
to be taken by the vehicle 8. 
The central control circuit 21 further includes a ?rst 

processing circuit 210 which, operating in response to 
signals from the temporary storage circuit 20, calculates 
the above-mentioned distances d and deviation angle 4) 
which are used to control the operation of the vehicle, 
and a second processing circuit 21b which compares the 
signal from the camera 30 with the bar. code patterns 
stored in the pattern storage circuit 31, distinguishes 
between these signals, and delivers an output used to 
steer the vehicle correctly and optimally at a predeter 
mined fork in accordance with the instruction signal 
from the program input device 30. 
The manner in which the above-described unmanned 

load transporting vehicle 8 is steered through a course 
having a right curve R in front of the vehicle will next 
be described with reference to FIGS. 13(a)—13(c). 
When, for instance, the vehicle 8 is in a position la in 

a straight course and the center line of the body of the 
vehicle is twisted to the right, the re?ected light from 
the remote visual ?eld A and the near visual ?eld B 
cause the CRT 23b to display patterns Aa and Ba repre 
senting an advance as shown in FIG. 13(a). As above, 
the upper half U of the screen of the CRT 23b displays 
the remote visual ?eld A, while the lower half D of the 
screen displays the near visual ?eld B. The inclinations 
of the patterns Aa and Ba to the respective center lines 
1111 and 102 is detected by scanning these patterns in a 
multistage manner with the ?rst processing circuit 21a, 
and processing them. The distance d and the deviation 
angle d) are then calculated based on the measured incli 
nation angles and the derived information about the 
aforementioned distances l1 and 12. Then, the informa 
tion regarding the velocity and the distance traveled, 
the coef?cients concerning the steering angle, and other 
such parameters are calculated to produce an output for 
the automatic steering and control apparatus 4 to con 
trol the relative rates of rotation of the wheels W. Thus, 
the vehicle 8 is correctly guided along the guide belt 2. 
The information from the remote pattern image Aa is 
helpful in updating the results of calculation for the 
information derived from the near visual ?eld. 
When the vehicle 8 has moved to the position 1b, 

patterns Aa and Bb shown in FIG. 13(b) are displayed 
on the upper and lower halves, respectively, of the 
screen, and a decelerating pattern b appears in the re 
mote visual ?eld A. Then, the second detecting circuit 
21b compares this pattern with the patterns stored in the 
pattern storage circuit 31, discriminates between these 
patterns, and correctly recognizes that it is the deceler 
ating pattern b. At the same time, the detecting circuit 
21b compares that information with the information 
from the program input circuit 30, discriminates be 
tween these pieces of information, and determines an 
output to be delivered to the automatic steering and 
control apparatus 4. This output is stored for later trans 
fer to the automatic steering and control apparatus. 
As the vehicle 8 advances further, the decelerating 

pattern b appears in the near' visual ?eld B, and hence 
the pattern b will appear within the pattern Bc, as 
shown in FIG. 13(0). At this time, the second processing 
circuit 21b compares the pattern Bc with the stored 
patterns, arithmetically processes them, ascertains that 
the signal which was derived from the remote visual 
?eld A and has been already stored, and then provides 
a predetermined decelerating output to the automatic 
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steering and control apparatus 4 in the same manner as 
described above. As the vehicle continues to move, the 
front pattern c indicating turning to the right is pro 
cessed. As a result, just when, before or after the vehicle 
arrives at the center of rotation O, a signal is delivered 
to steer the vehicle along the desired course correctly 
and smoothly. If the radius of curvature of the curve is 
relatively large, a pattern will appear on the screen U 
about the remote visual ?eld A. On the other hand, if 
the radius of curvature is small or the branch forms a 
right angle to the main course, no pattern will appear on 
the screen regarding the remote visual ?eld, thus 
prompting the operator’s attention to the maneuver. 
Each time that a branch or the like appears along the 
course, every piece of information obtained is succes 
sively compared with the information derived from the 
program input circuit 30 to appropriately steer the vehi 
cle along the desired course. 

Referring next to FIGS. 14(a)—14(t), other examples 
of bar codes are shown, in which intermediate bars (bars 
other than the initial and ?nal bars) provide a represen 
tation of the path of the vehicle. More speci?cally, the 
second and ?fth bars represent straight movement, and 
the third and fourth bars represent curved movement. 
Further, the width and position of each bar s represent 
a speed. Pattern al of FIG. 14(a) represents straight 
movement. Pattern bl of FIG. 14(1)), which has a ?fth 
bar but not a fourth bar, represents an r-like branch V1 
as shown in FIG. 15. Pattern cl of FIG. 14(0), which 
does not have the fourth and ?fth bars, represents a 
simple curve R turning to the right without a straight 
portion. Pattern d1 of FIG. 14(d), which has a broad bar 
5, represents a tight, r-like branch V2. In this fashion, 
each different bar code is characterized by the positions 
and the widths of the bars and has a different meaning. 
The lanes for the vehicle which correspond to the pat 
terns al-tl are shown in FIG. 15. 

Since the guide belt for the unmanned load transport 
ing vehicle according to the present invention has the 
form of bar codes composed of segments of re?ecting 

‘ “material laid on the ?oor where the vehicle is to be run, 
the present system is simpler than other image process 
ing systems, while nevertheless providing a larger quan 
tity of information. At the same time, the quantity of 
data to be processed by the computer can be reduced, 
and therefore the time taken to process the data can be 
shortened, whereby rapid processing is facilitated. Fur 
ther, because an improved S/N is obtained, the bar 
codes can be used even if they are incomplete or some 
what dirty. When the novel unmanned load transport 
ing vehicle is used in a ?exible manufacturing plant, the 
plant can readily be modi?ed, thus yielding a practical 
advantage. When the system is capable of receiving 
light from both remote and near visual ?elds in connec 
tion with the guide belt according to the present inven 
tion, the difference between a pattern obtained from an 
image in the remote visual ?eld and another pattern 
obtained subsequently from the same image in the near 
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visual ?eld can be calculated to control the vehicle in a 
feedback manner, whereby more accurate steering at 
forks and automatic steering and control are achieved. 
We claim: 
1. An unmanned load transporting vehicle compris 

ing: 
a guide belt laid on a floor on which said vehicle is 
run, said guide belt comprising a plurality of re 
?ecting segments comprising a plurality of bar 
codes representing corresponding instructions in 
cluding a halt instruction, a deceleration instruc 
tion and turning instructions; 

a video camera installed on an upper portion of the 
vehicle, said camera being directed to receive light 
re?ected from said guide belt; 

controller means installed on the body of the vehicle 
receiving an output signal from said camera for 
controlling running of said vehicle in response to 
said output signal from said camera. 

2. The unmanned load transporting vehicle as set 
forth in claim 1, wherein said camera comprises an 
industrial television camera. 

3. The unmanned load transporting vehicle as set 
forth in claim 2, wherein said camera comprises a re?ec 
tor for directing portions of incident light, such that said 
camera receives re?ected light from remote and near 
visual ?elds. 

4. The unmanned load transporting vehicle as set 
forth in claim 2, further comprising: 

a ?rst re?ector for obtaining near visual ?eld infor 
mation; and 

a second re?ector for transmitting the near visual 
?eld information obtained by the ?rst re?ector to 
said camera, 

said ?rst and second re?ectors being disposed in front 
of said camera and at predetermined angles relative 
to a central axis of said camera. 

5. An unmanned load transporting vehicle compris 
1n : 

%1 guide belt laid on a ?oor on which said vehicle is 
run, said guide belt comprising a plurality of bar 
codes representing corresponding instructions in 
cluding a halt instruction, a deceleration instruc 
tion and turning instructions; . 

camera means for detecting said re?ecting segments 
at a ?rst distance from said vehicle, including 
means for detecting said re?ecting segments at a 
second distance from said vehicle; 

means for recognizing said corresponding instruc 
tions upon detection of said re?ective segments at 
said ?rst distance, and storing said instructions; and 

means for recognizing said corresponding instruc 
tions upon detection of said re?ective segments at 
said second distance, and acting in accordance with 
stored instructions, whereby reaction speed of said 
vehicle is increased. 

* * * * 1‘ 


